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Field of the Invention 

This invention relates to a method of grinding an aqueous suspension of an 
inorganic particulate material and to products obtained thereby. 

Background of the Invention 



Aqueous suspensions containing inorganic particulate material, for example 
an alkaline earth metal (e.g. calcium) carbonate of kaolin, are used widely in a 
number of applications. These include, for example, tiie production of pigment or 
filler containing compositions which may be used in paper manufacture or paper 

1 5 coating, and the production of filled compositions for paints, plastics and the Uke. 

The inorganic particulate material typically has a known particle size 
distribution (psd), dictated by the intended end use in ways which are well known 
in the art. Generally, the required psd is obtained by a method which includes 
grinding the inorganic particulate material in an aqueous suspension. The 

20 suspension may contain a high (e.g. above about 50% by weight) or low (e.g. 
below about 50% by weight) content of the inorganic partictrlate solids. 

Where the aqueous suspension has a high solids content, it is necessary to 
disperse the inorganic particulate material using an effective amount of a 
dispersing or deflocculating agent (dispersant). High soUds grinding typically 

25 produces a relatively high proportion of ultra-fine particles (e.g. having an 
equivalent spherical diameter smaller than about 0.25\mi% To maintain an 
acceptably low viscosity of the suspension, one either needs to use relatively hi^ 
levels of common dispersants, or lower levels of specialized — and thus relatively 
expensive - dispersants. 

3 0 Where the aqueous suspension has a low soUds content, a dispersant can be 

avoided. This enables the suspension to be dewatered cost-effectively, but 
problems can be encoxmtered when mixing dispersant into the suspension later. 

It is often desirable to produce a product which has a "steep" psd, in the 
sense that a large proportion of the particles are within a narrow size range. As 
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used herein, a "steep" psd refers to a steepness factor greater than about 35, 
more particularly above about 40, steepness factor being defined as the ratio of the 
dao equivalent spherical diameter (at which 30% by weight of the particles are 
jEiner) to the dvo eqxiivalent spherical diameter (at which 70% by weight of the 
5 particles are finer), multiplied by 1 00, 

In order to obtain this desired steepness, it is the present practice to grind 
the aqueous suspension at low solids in order to minimize the formation of ultra- 
fine particles. It is also desirable to perfomi the grinding stage in the absence of 
any dispersant in order to maintain a flocculated or aggregated state and so 

10 facilitate subsequent flocculated dewatering. In some cases, effective amounts of 
specialized dispersants are added to the dewatered, relatively high solids, 
suspension, to minimi ze flocculation and provide an acceptable viscosity for 
handling at that stage. It is also common practice to recirculate the water removed 
at the dewatering stage, to dilute the fresh feed. However, a number of problems 

15 can arise. For example, there can a significant loss in brightness (discoloration) 
due to corrosion products (e.g. iron-based corrosion products) firom the system 
piping and equipment. Typically brightness values can be reduced by about 2 -3 
ISO units lower, with yellowness values about 1-2 ISO units hi^er. This 
discoloration is probably exacerbated in the low solids method, because the 

2 0 recirculated water becomes relatively highly aerated. Moreover, it can be difficult 
to introduce the dispersants in effective amounts at the high solids stages. In 
addition, the use of specialized dispersjants can result in materials which may then 
not be compatible in mixtures with materials including conventional dispersants 
such as polyacrylates. 

2 5 The present invention aims to go at least some way towards overcoming the 

above problems, or at least to provide an acceptable alternative method of grinding 
an aqueous suspension of an inorganic particulate material. 

3 0 Brief Description of the Invention 

The present invention is based on the findmg that the problems referred to 
above can be alleviated by performing the grinding of an morganic particulate 
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material in an aqueous suspension which includes a very small amount of a 
dispersant. 

In accordance with a first aspect of the present invention, there is provided 
a method of grinding an inorganic particulate material in an aqueous suspension, 
5 wherein the said aqueous suspension includes a sub-effective amount of a 
dispersant for the inorganic particulate material. The term "sub-eflFective" means 
that the dispersant is present in a finite amount, but that amount is not sufl&cient to 
give rise to defloccidation of the particulate inorganic material, so that the 
flocculation characteristics of the suspension are substantially the same as would 

10 be foimd in the complete absence of any dispersant. Such an amount of the 
dispersant may typically be up to about 0.25% by weight, based on tiie weight of 
dry inorganic particulate, for example up to about 0.15% by weight, e.g. up to 
about 0. 1% by weight 

In accordance with a second aspect of the present invention, there is 

15 provided a method of grinding an aqueous suspension of a particulate inorganic 
material to obtain a particulate inorganic material of reduced particle size and 
increased steepness, wherein the grinding is carried out in the presence in the 
aqueoiis suspension of a sub-effective amount of a dispersant for tim inorganic 
particulate material. 

20 The method may, for example, be used in the grinding of an .inorganic 

particulate material at a low solids level in the suspension, e.g. the amount of the 
inorganic particulate solids being less than about 50% by weight, based on the total 
weight of the suspension. 

The method preferably fiarther comprises grinding the inorganic particulate 
25 material tirider grinding conditions such as to raise the steepness of the inorganic 
particulate material to a steepness factor above about 35, more particularly; above 
about 40, for example above about 45. 

The method preferably further comprises dewatering the aqueous 
suspensipn to raise the solids content thereof, more preferably to a content of 
30 inorganic particulate material above about 50% by weight, based on the total 
weight of the suspension. 

In accordance with a third aspect of the present invention, there is provided 
an aqueous suspension of a groimd particulate inorganic material comprising a 
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sub-effective amount of a dispersant for the inorganic particulate material. The 
aqueous suspension may suitably be prepared by a grinding method according to 
the first or second aspect of the present invention. The particulate inorganic 
material suitably has a steepness fiictor above about 35, more particularly above 
5 about 40, for example above about 45. The dispersant is suitably present in the 
aqueous suspension in an amount up to about 0.25% by wei^t, based on the 
weight of dry inorganic particulate, for example up to about 0.15% by weight, e.g. 
up to about 0,1% by weight. The aqueous suspension may be at a high or low 
solids content. 

10 In accordance with a fourth aspect of the present invention, there is 

provided an aqueous suspension of a ground inorganic particulate material 
comprising a dispersant-effective amount of a dispersant for the inorganic 
particulate material, when prepared by a method according to the first or second 
aspect of the present invention and which includes the addition, after grinding, of 

15 an amoimt of a dispersant to the aqueous suspension. 

In accordance with a fiilh aspect of the present invention, there is provided 
a dry ground inorganic particulate material comprising an amount of a dispersant 
for the inorganic particulate material, the material being the dry residue of an 
aqueous suspension according to the third or fourth aspect of the present inventiorL 

20 In accordance with a sixth aspect of the present invention, there is provided 

the use of a sub-effective amount of a dispersant as a corrosion inhibitor in a low 
solids aqueous suspension of an inorganic particulate material. 



25 



Detailed Pescription of the Invention 

The Inormnic Particulate Material 



The inorganic particulate material may, for example, be an alkaline earth 
metal carbonate such as calcium carbonate, a hydrous kandite clay such as kaolin 
30 or ball clay, an anhydrous (calcined) kandite clay such as metakaolin or fiilly 
calcined kaolin, woUanstonite, bauxite, talc, mica, titanium dioxide, silicon dioxide 
or carbon. 
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The preferred inorganic particulate material for use in the present 
invention is calcium carbonate. 

The particle size distribution (psd) of the inorganic particulate material 
after grinding is suitably such that at least about 80% by weight of the calcium 
5 carbonate particles have an equivalent spherical diameter less than 2 jxm, at least 
about 50% by weight of the particles have an equivalent spherical diameter less 
than 1 pm, at least about 20% by weight of the particles have an equivalent 
spherical diameter less than 0.5 iimi, and less than about 20% by weight of the 
particles have an equivalent spherical diameter less than 0.25 jim. For example, at 

10 least about 92% by weight of the particles may suitably have an equivalent 
spherical diamet^ less than 2 pm, at least about 70% by weight of the particles 
may have an equivalent spherical diameter less than 1 |im, at least about 30% by 
weight of the particles may have an equivalent spherical diameter less than 0.5 pm, 
and less than about 15% by weight of the particles may have an equivalent 

15 spherical diameter less than 0.25 Jim. The particles may suitably be calcium 
carbonate. The mean (average) equivalent particle diameter (dso value) of the 
particulate calcium carbonate after grinding may suitably be in the range about 0.4 
to about 1 .2 |am, for example in the range about 0.4 to about 1 .0 pm. 

The mean (average) equivalent particle diameter (dso value) and other 

20 particle size properties referred to herein for the inorganic particulate materials are 
as measured by sedimentation of the particulate material in a fully dispersed 
condition in an aqueous medium using a Micromeritics Sedigraph 5100 unit. The 
mean equivalent particle size dso is the value determined in this way of the particle 
esd at which there are 50% by weight of the particles which have an equivalent 

2 5 spherical diameter less thasi that dso value. 

The Dispersant 

The dispersant is a chemical additive capable, at a sufficient amount greater 

3 0 than the amount to be used in the present invention, of acting on the particles of the 

inorganic material to prevent or effectively restrict flocculation or agglomeration 
of the particles to a desired extent, according to the normal processing 
requirements. At the levels used in the present invention, however, the dispersant 
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is not effective in this way, although it serves the useful and unexpected result 
of assisting to alleviate the problems noted in relation to the prior art, particularly 
one or more of: reduction in discoloration of the particulate material; improvement 
of introduction of dispersants in effective amounts at the high solids stages; 
5 improvement of compatability of the particulate material in mixtures with other 
particulate materials including conventional dispersants such as polyacrylates. 

The dispersant may, for example, be selected Jfrom conventional dispersant 
materials conamonly used in the processing and grinding of inorganic particxdate 
materials. Such dispersants will be well recognised by those skilled in this art. 

10 They are generally water-soluble salts capable of supplying anionic species which 
in their effective amounts can adsorb on the surface of the inorganic particles and 
thereby inhibit aggregation of the particles. The imsolvated salts suitably include 
alkali metal cations such as sodium. Solvation may in some cases be assisted by 
making the aqueous suspension slightly alkaline. Examples of suitable dispersants 

15 include: water soluble condensed phosphates, e.g. polymetaphosphate salts 
[general form of the sodivmi salts: (NaP03)x] such as tetrasodium metaphosphate or 
so-called "sodium hexametaphosphate" (Graham's salt); water-soluble salts of 
polysilicic acids; polyelectrolytes; salts of homopolymers or copolymers of acrylic 
acid or methacrylic acid, or salts of polymers of other derivatives of acrylic acid, 

20 suitably having a weight average molecular mass of less (ban about 20,000. 
Sodium hexametaphosphate and sodium polyacrylate, the latter* suitably having a 
weight averse molecular mass in the range of about 1,500 to about 10,000, are 
especially preferred. 

25 The Aqueous Suspension 

The method of the present invention is preferably carried out on an aqueous 
suspension which comprises up to 35% by weight of the inorganic particulate 
material, typically of the order of 20-30% by weight. 
3 0 The amount of dispersant used in the method is preferably less liian about 

0,25% by weight, more preferably less than 0.15% by weight, typically less than 
about 0. 1 % by weight, based on the weight of dry inorganic particulate. However, 
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the precise amounts may be varied easily by those skilled in the art, to 
achieve the effect provided by the present invention. 

The aqueous suspension may suitably be prepared by conventional mixing 
techniques, and may suitably include optional additional components, as wiU be 
5 well appreciated and understood by those skilled in tiiis art. 

The Grinding Method 

The grinding is suitably performed in conventional manner. The grinding 
10 may be an attrition grinding process in the presence of a particulate grinding 
medium, or may be an autogenous grinding process, i.e. one in the absence of a 
grinding medium. 

The particulate grinding medium, when present, may be of a natural or a 
synthetic material. The grinding medium may, for example, comprise balls, beads 
15 or pellets of any hard mineral, ceramic or metallic material; such materials may 
include, for example, alumina, zirconia, 2drconium, silicate, aluminium silicate or 
the muUite-rich material which is produced by calcining kaolinitic clay at a 
temperature in the range of from about 1300*=*C to about 1800°C. Alternatively, 
particles of natural sand of a suitable particle size may be used. 

2 0 Generally, the type of and particle size of grinding medium to be selected 

for use in the invention may be dependent on the properties, such as, e.g. the 
particle size of, and the chemical composition of, the feed suspension of inorganic 
material to be, ground. Preferably, the particulate grinding medium comprises 
particles having an average diameter in the range of from about 0.1mm to about 
25 6.0mm and, more preferably in the range* of from about 0.2mm to about 4.0mm. 
The grinding medium (or media) may be present in ah amount of from about 40% 
to about 70% by volume of the charge; and, more^ preferably in an amount from 
about 50% to about 60% by volume of the charge. 

The grinding may be carried out in one or more stages. For example, the 

3 0 feed suspension may be partially ground in a first attrition grinder, the suspension 

■ of partially ground morganic particulate material then being fed to a second 
attrition grinder for further grinding, after which the suspension of ground material 
may be fed to one or more subsequent attrition grinders. 
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The grinding process may, for example, be conducted at a relatively 
low temperature, e.g. below about SO'^C. Lower temperatures are believed to assist 
in preventing or restricting discoloration of white inorganic particulates resultmg 
from iron-based corrosion products entering the aqueoiis suspension. 
5 After the grinding has been carried out, the sxispension may be dewatered 

to a high solids suspension, and any grinding medium removed. Thereafter the 
ground product may be dried. 

A high solids suspension formed by said dewatering may suitably have a 
solids level of the order of 70% by weight, and be formed using a dispersing agent, 

10 such as one of the dispersing agents mentioned above. The dispersing agent used 
may or may not be the same as that used in the grinding step. However, the 
dispersing agent used at the post-grinding stage will be required to restrict 
flocculation of the particulate inorganic material in the high solids suspension, and 
must therefore be present in a dispersant-effective amount, typically at least about 

15 0.3% by weight of dry inorganic particulate, more preferably at least about 0.4% 
by weight, for example at least about 0.5% by weight 

Without limitation on the scope of the invention, it is theorised that the very 
small amount of dispersant used in accordance with the present invention is 
sufficient tp "pre-coat" the inorganic particulate material, allowing more even 

2 0 distribution ^of the larger amoimts of dispersant added later to make a high solids 
slurry. In addition, it is believed that the small amounts of dispersant used seirve as 
a corrosion inhibitor during the grinding process. 

Uses of the Ground Particulate Material 

25 

The ground particulate material obtained using the method of the present 
invention may be used in a wide variety of applications, as will be readily apparent 
to one of ordinary skill in this art. Usually, the inorganic particulate material is 
present as a coating or filler, or as part of a coating or filler composition. The 
30 applications include, for example, the preparation of: paper (which term includes 
within its scope all forms of paper, card, board, cardboard and the like, including 
without limitation printing paper and writing paper); polymers and rubbers, e.g. 
plastics (which may be in tiie form of a .fihn); paints; sealants and mastics; 
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ceramics; as well as compositions which are subsequently processed to obtain any 
of the above. 

Brief DescriBtion of the Drawings and Examples 

5 

The invention will now be described in greater detail, but without 
limitation, with reference to Examples and to the accompanying drawings. In the 
drawings: 

Figure 1 shows the slurry viscosities obtained at T=K) using the dispersauts 
10 of the experiment of Example 2; 

Figure 2 shows the slurry viscosities obtained at T=24 hours using the 
dispersants of the experiment of Example 2; and 

Figure 3 shows the permeability of the slurries obtained using the 
dispersants of the experiment of Example 2, under low pressure piston press 
15 dewatering. 



EXAMPLE 1 

In this experiment, the effect of various starvation (very low) doses of 
20 sodium hexametaphosphate dispersant on the sluiTy properties of ground calcixun 
carbonate was measured. 

Ground calcium carbonate was prepared by laboratory slurry sandgrinding 
at 250 kWh/t at low solids (25 weight-%) from a coarse calcium carbonate feed. 

25 Three batches of sandgroimd material were prepared containing, respectively, 
dispersant at 0.1 %, 0.2% and 0,3% by weight of dry calcium carbonate. The three 
batches were then dewatered by low pressure piston pressing- at 250psi, to obtain a 
cake. The pemieability and resistance of the cake was measured during pressing in 
each case, using the test methods described below. Each of the three cakes was 

3 0 then divided mto two samples and the cake samples suspended (slurry makedown) 
using 0.5% and 0.6% partially neutralised sodiimi polyacrylate dispersant solution 
(60% neutralisation), to obtain high solids slurries at 72-73 weight-% solids. 
Brookfield lOOrpm viscosities of the slurry were then measured at T (time after 
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makedown) = 0, 1, 24 and 168 hrs. In addition, the psd, dso and steepness 
were measured for each sample after pressing. 



The results for the six samples (numbered 1 to 6) and a corresponding 
5 control (no dispersant used) are shown in Table 1 below. 



Table 1 



1 "O.I%Calgon/0.5% Part Neutralised 
Polyacrylate Dispersant" 

2 "0,l%Calgon/0.6% Part Neutralised 
Polyacrylate Dispersant " 

3 "0.2%Calgon/0.5% Part Neutralised 
Polyacrylate Dispersant " 

4 "0,2%Calgon/0.6% Part Neutralised 
Polyacrylate Dispersant " 

5 "0.3%Calgon/0.5% Part Neutralised 
Polyacrylate Dispersant " 

6 "0.3%Calgon/0.6% Part Neutralised 
Polyacrylate Dispersant " 
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0.6 


45 
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6.11 
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411 


696 



10 

. Permeability Test Method 



The permeability of the' filter cake was measured under the standard test 
procedxjre, the.penneability being expressed in Table 1 as a number equivalent to 
15 the flow of water at 15°C that would be attained in cubic inches (1 cubic inch = 
1.638 X 10"^ cubic metres) per hour through a cake of one square inch area (1 
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square inch = 6.451 x 10"^ square metres) and one inch thickness (1 inch 
= 2.54cm) under a pressure differential of one pound force per square inch (6.895 
kPa). 

5 Resistance Test Method 

The filter cake resistance (a) was measured under the standard test procedure^ 
and is expressed in Table 1 as the conventional function of the pressure drop across 
the accumulated cake in pounds force per square foot (1 pound force per sqiaare 
10 foot = 47.90 Pa). 

Discussion and Conclusions 

Samples 1, 2, 3 and 4 gave the best pemieability/resistance in dewatering, 
15 suggesting that a dispersant dose greater than 0.2% at the grinding stage is 
detrimental to the product's dewatering properties. Note that a high permeability 
implies faster filtration rate 

Samples 1, 3 and 5 showed flie least structure formation, suggesting that a 
dose of 0.5% partially neutralised dispersant at the makedown stage is optimum. 
2 0 The data suggest that optimum dispersant dose for thp pre-grind is 0.1- 

6.2% dispersant with 0.5% of 60% partially neutralised dispersant as the post-grind 
dose. 

EXAMPLE 2 

25 In this experiment, the effect of various starvation (very low) pre-grind 

doses of the dispersants sodium hexametaphosphate (NaHex), soditun polyadrylate 
DP2695 (available fi-om Ciba Chemicals) and combinations thereof on the slurry 
properties of ground calcium carbonate was measured. 

The method was essentially that described above for Example 1, but using 

30 different dispersants, as shown in Figures 1 to 3 of the drawings, and with a total 
dose of added dispersant equal to 0.6%. 

Discussion and Conclusions 
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The results of the T=0 and T=24 hours Brookfield lOOrpm viscosity 
measurements on the 72% solids slurry obtained after makedown are illustrated in 
Figures 1 and 2. The results of the cake permeability measurements on low 
pressure piston pressing at 25 weight-% solids are shown in Figure 3. 
5 The results in Figure 1 show that a pre-grind dose of 0.1% and 0.15% 

sodium polyacrylate gave good T==0 viscosity. However, all the slurries treated 
with a starvation dose of dispersant were better than the control. The combined 
pre-grind dose of sodium polyacrylate and sodium hexametaphosphate, and the 
pre-grind dose of 0,15% sodium polyacrylate, gave the best T=0 viscosity results. 

10 The results in Figure 2 show that a pre-grind dose of 0.15% BTC2 gave 

better T=24 hours viscosity than the control. The combined pre-grind dose of 
BTC2 and sodium hexametaphosphate, and the pre-grind dose of 0.15% sodium 
polyacrylate, gave the best T=24 hours viscosity results. 

The results in Figure 3 show that all the samples gave higher permeabilities 

15 than the control. The pre-grind dose of 0.1% sodium polyacrylate and the 
combined pre-grind dose of sodium hexametaphosphate and 0.1% sodium 
polyacrylate gave the best permeability results. 

20 EXAMPLES 

In this Example, the effect of adding sodium hexametaphosphate on the 
brightness of ground calcium carbonate slurries was measured. 

25 Experimental 

Samples of two ground calcium carbonates A and B were used, having 
respective psd as follows: A - 99% by weight less than 2 |im, 90% by weight less 
than 1 fxm, 70% by weight less than 0.5 |Lim, 35% by weight less than 0.25|Lmi; B - 
3 0 95% by weight less than 2 pm, 75% by weight less than 1 pm, 40% by weight less 
than 0.5 pm, 15% by weight less than 0.25|jm. Each carbonate sample was split 
into two portions and each portion was diluted to provide about 30 and 20 wt% 
solids suspensions (slurries) of carbonates A and B. To samples of each 
suspension, 200 ppm of powdered non was added and to selected ones of those 
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samples 0.1% sodiimi hexametaphosphate was added (see 

Table 2). Oxygen was applied to selected slurry samples for 30 minutes at about 10 
1/min per sample at temperatures of 22^C and 50**C. Following treatment, the 
samples were flocculated with calcium chloride, filtered, and dried for brightness 
5 measurement Brightness and yellowness were measured by the ISO methods 
immediately after treatment (T=0 hours) and also after 1 week (T-168 hours). The 
results are shown in Table 2 below. The first part of Table 2 shows the results at 
T=0 hours, and the second part of Table 2 shows the results at T=168 hours. 

10 



15 



20 



25 



30 
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Discussion and Conclusions 

The results show that the initial addition of powdered iron reduces the 
brightness by about 1 ISO unit The yellowness values have not been significantly 
5 affected. L (whiteness), A (blue/green) and B (yellow/orange) values from the ISO 
test method indicate a slight shift from blue/green to yellow. The application of 
oxygen at 22°C has lowered brightness by about 0.3-0.5 units for the material A. 
The sample B was unchanged. At 50**C both the brightness and yeEowness for 
both materials A and B were significantly affected. Brightness values have been 
10 reduced by about 1.5-2.5 tinits with yellowness values rising by about 1 unit. LAB 
values indicate a shift from the blue/green to red/yellow. 

Adding 0.1 % sodixun hexametaphosphate before oxygen addition had a 
major effect on the brightness for samples prepared at 50°C. Compared to the 
15 results for material prepared without sodium hexametaphosphate, the brightness is 
about 2 units higher with corresponding lower yellowness factors. 

These results suggest that the addition of sodiimi hexametapnosphate may 
hav^ inhibited the corrosion that would otherwise have affected the brightness of : 

20 the slurry. Temperature appears to have a significant effect on the formation of the 
coloured material with the results for samples prepared at 50°C having much lower 
brightness than material prepared at 22°C. Samples left for 1 week (T=168 hours) 
show a similar trend suggesting that temperature has a greater affect than time (for 
this short period). Samples treated with sodium hexametaphosphate. have given 

2 5 similar brightness/ yellowness values to the untreated material. 

The foregoing broadly desoibes the present invention, without limitation. 
Variations and modifications as will be readily apparent to those of ordinary skiU 
in this art are intended to be within the scope of this appUcation and any resultant 
30 patents. 



